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Description 

Control Apparatus 

Technical Field 

This invention relates to a control apparatus such as an 
inverter apparatus or a servo driving apparatus for driving 
a motor at a variable speed. 

Background Art 

Fig. 5 is a block diagram showing a configuration of a 
conventional inverter apparatus. In the drawing, numeral 10 
is an inverter main circuit, and numeral 11 is a converter part 
for converting an AC voltage into a DC voltage, and numeral 
12 is a capacitor for smoothing a DC voltage, and numeral 13 
is an inverter part, which comprises a transistor and a diode, 
for converting a DC voltage into an AC voltage, and the inverter 
main circuit 10 comprises the converter part 11, the capacitor 
12 and the inverter part 13. Numeral 14 is a motor driven at 
a variable speed by an output from the inverter part 13 . Also, 
numeral 20 is an inverter control circuit which has an interface 
to the outside and controls the inverter part 13, and numeral 
21 is nonvolatile memory, and numeral 22 is an operating panel 
for performing setting and display of a frequency or a parameter 
etc., and numeral 30 is a microcomputer (hereinafter referred 
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to as CPU) which is respectively connected to the nonvolatile 
memory 21 and the operating panel 22 and performs various 
calculations based on information inputted from the operating 
panel 22 and information stored in the nonvolatile memory 21. 

Also, the operating panel 22 comprises a display part 23 for 
displaying data, a key group 24 for performing a selection, 
a modification, a determination of data, operations of a run 
and a stop of the inverter apparatus and so on, and a variable 
resistor 25 for changing and outputting a voltage from 0 V to 
5 V according to a rotation angle. 

Also, in the CPU 30, numeral 31 is key input means for reading 
an on-off signal given from the key group 24 on the operating 
panel 22, and numeral 32 is variable resistance value input 
means for detecting and digitizing an analog value inputted 
from the variable resistor 25 on the operating panel 22, and 
numeral 33 is control panel control means for analyzing an input 
signal obtained from the key input means 31 and the variable 
resistance value input means 32 and outputting data according 
to an input from the outside, and numeral 34 is display means 
for controlling the display part 23 on the operating panel 22, 

Numeral 35 is inverter control means for performing controls 
of a start, a stop, a change in an output frequency, etc. of 
the inverter apparatus by performing on-off control of the 
transistor of the inverter part 13 based on information obtained 
from the control panel control means 33 , and the inverter control 



2 



means creates data outputted to the display part 23 of an output 
frequency, an output current, etc. and delivers the data to 
the control panel control means 33. 

Also, numeral 3 6 is memory communication means for reading 
and writing data of the nonvolatile memory 21, and the control 
panel control means 33 requires reading and writing of data 
of the nonvolatile memory 21 to the memory communication means 
36 as necessary. 

The CPU 30 comprises the key input means 31, the variable 
resistance value input means 32, the control panel control means 
33, the display means 34, the inverter control means 35 and 
the memory communication means 3 6 previously constructed in 
the inside by software. 

Next, operations of the conventional apparatus will be 
described. 

When a voltage is supplied from a power source to the inverter 
apparatus, the CPU 30 reads data of the nonvolatile memory 21 
by the memory communication means 3 6 and outputs proper data 
to the display part 23 by the control panel control means 33 
based on information on the corresponding parameter. It is 
constructed so that an inverter output frequency is normally 
displayed on the display part 23 and the present state (run 
state, stop state) of the inverter apparatus or for the run 
state, what frequency (Hz) the inverter apparatus runs with 
is recognized. 
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When the output frequency is modified, there are two patterns 
of the case of making a modification with an analog value by 
the variable resistor 25 and the case of making a modification 
with a digital value by key operations of a " A " key and a "V" 
key (not shown) in the key group 24. These two patterns of 
a run mode can be selected by a "run mode switching'' key (not 
shown) in the key group 24. 

When the output frequency is modified by the variable resistor 
25, an analog run mode is first selected by the "run mode 
switching" key . The information is delivered from the key input 
means 31 to the operating panel 22 and a modification of the 
run mode is made according to an internal state of the inverter 
control means 35 . When the variable resistor 25 is next operated 
(a frequency setting value increases in the case of rotating 
in a clockwise direction at the time of frequency setting ) , 
the variable resistance value input means 32 detects a voltage 
inputted from the variable resistor 25 and makes a conversion 
to a digital value in the inside . The digitized data is delivered 
to the control panel control means 33 and is converted into 
a setting frequency value according to calibration value data 
previously stored in the nonvolatile memory 21. 

When the output frequency is modified by the setting in the 
variable resistor, the output frequency reaches a setting value 
at constant acceleration or deceleration time after the setting 
in the variable resistor, so that a phenomenon in which an 
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overshoot occurs to a target value or an undershoot occurs in 
an attempt to set again further and thus it is quite difficult 
to set the value to the target value tended to occur. Also, 
when the output frequency is modified by the setting in the 
variable resistor, it was difficult to fix the value exactly 
to a round value such as 60.0 Hz. 

Also, when a setting frequency is set with a digital value, 
in a manner similar to the above, the run mode is first switched 
to a digital run mode and next, a display/ operation mode is 
modified from a monitor mode to a frequency setting mode by 
an operation of pressing a "MODE" key (not shown) for making 
a transition of a state of the operating panel and so on. Then, 
a value is modified by a " A " key and a " V" key in the key group 
24. Since the value during the modification is displayed on 
the display part 24 at any time, an operator modifies a setting 
value by pressing the "A" key and the "V" key while watching 
the value on the display part 24 and sets the setting value 
to an arbitrary value and thereafter, the value is determined 
by an operation of pressing a "SET" key (not shown) for 
determining a numerical value after the modification and so 
on. 

The control panel control means 33 reads the contents which 
the operator inputs by the operating panel 22 through the key 
input means 31 and the volume input means 32 at any time. For 
example, the control panel control means 33 delivers information 
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to the inverter control means 35 when detecting that a start 
command of the inverter apparatus has been inputted by a signal 
from the key input means 31, and the inverter control means 
35 starts calculations of an output frequency and an output 
voltage. Also, when a change in input of an analog voltage 
is detected by the volume input means 37, the control panel 
control means 33 changes a setting frequency according to an 
analog signal and delivers information to the inverter control 
means 35, and the inverter control means 35 changes an output 
frequency and an output voltage according to the setting 
frequency. 

For setting of an output frequency by a key, first, the key 
group 24 has a "MODE" key for making a transition of mode states 
such as an output frequency monitor mode, a frequency setting 
mode or a parameter setting mode (not shown) , and the key input 
means 31 sends the information to the control panel control 
means 43 whenever the "MODE" key is inputted. 

In the frequency setting mode, the present setting frequency 
is first displayed on the display part 23 and when a " A " key 
and a "V" key are inputted, the key input means 31 measures 
time in which the key has been pressed or the number of times 
in which the key is pressed, and delivers the amount of change 
to the control panel control means 33 . The control panel control 
means 33 calculates the rate of change A f in the frequency 
corresponding to the amount of change, and adds the rate of 
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change to the present setting frequency, and delivers data to 
the display means 34, and outputs character data converted there 
to the display part 23. Then, when a "SET" key having meaning 
of a determination in the key group 24 is inputted, the 
information is sent to the control panel control means 33 through 
the key input means 31 and the control panel control means 33 
updates the setting frequency to the present data. The updated 
setting frequency data is delivered to the inverter control 
means 35, and an output frequency in response to acceleration 
or deceleration time is calculated every cycle time of software 
processing. Then, the output frequency is converted into a 
signal for turning on or off the transistor of the inverter 
part 13 inside the inverter control means 35 and is finally 
outputted to the inverter part 13. 

In the conventional inverter apparatus as described above, 
there was a problem that it is difficult to fix a value exactly 
to a frequency setting value speedily in the case of setting 
of an output frequency by the variable resistor. Also, in the 
case of digital setting, there was a problem that it is necessary 
to modify a setting value by a "A" key and a "V" key after 
switching to a frequency setting mode once. 

This invention is implemented to solve the problems as 
described above, and an object of the invention is to easily 
and speedily modify an output frequency of an inverter apparatus 
and eliminate a fluctuation in the output frequency due to an 
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overshoot in the case of modifying the output frequency. 

Also, when a setting value is modified by a variable resistor, 
an object is to easily and speedily perform the operations. 

Disclosure of the Invention 

With a control apparatus of this invention, in the control 
apparatus comprising a display part for displaying an output 
frequency and a frequency setting value, and a key group such 
as an operation mode selection key for selecting operation modes 
such as a monitor mode for displaying a run state or a setting 
mode for setting various data, a set key for determinating a 
setting value or numerical keys, and there are provided a manual 
pulse generator for manually rotating a handle to generate a 
command pulse , pulse input means for measuring a pulse outputted 
from this manual pulse generator and calculating the amount 
of change in the pulse per unit time, and control panel control 
means for calculating the output frequency based on the amount 
of change in the pulse per unit time outputted from this pulse 
input means, so that the output frequency can be set easily. 

Also, the control panel control means can perform setting 
operations when data is outputted from the pulse input means 
even in the case that the operation modes are a mode other than 
the settingmode, so that there is no need to switch the operation 
modes to the setting mode and a setting operation of the output 
frequency can be performed easily. 



8 



Also, the control panel control means is constructed so as 
to change a scaling factor of the amount of change in the frequency 
setting value to the amount of change in the pulse in response 
to the amount of change in the pulse per unit time, so that 
the output frequency can be set speedily. 

Further, it is constructed so as to maintain the just previous 
scaling factor of the amount of change in the pulse to the amount 
of change in the frequency setting value for a constant period 
of time after stopping the operation of the manual pulse 
generator, so that a modification can be made speedily when 
a setting value at the time of setting the output frequency 
overshoots . 

Also, it is constructed so as to make a setting value set 
by operating the manual pulse generator valid after an input 
of the set key, so that a fluctuation in the output frequency 
due to an adjustment in the vicinity of a target setting value 
can be eliminated. 

Brief Description of the Drawings 

Fig . 1 is a block diagram showing a configuration of an inverter 
apparatus according to one embodiment of this invention. 

Fig . 2 is a flowchart showing processing of a frequency setting 
of the inverter apparatus according to one embodiment of this 
invention. 

Fig. 3 is a table showing a relation between the number of 
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pulses captured during unit time and the amount of change in 
a numerical value of a setting frequency in a frequency setting 
by a manual pulse generator in the inverter apparatus according 
to one embodiment of this invention. 

Fig. 4 is a flowchart showing frequency setting processing 
in the inverter apparatus according to one embodiment of this 
invention. 

Fig. 5 is a block diagram showing a configuration of a 
conventional inverter apparatus . 

Best Mode for Carrying Out the Invention 

Fig . 1 is a block diagram showing a configuration of an inverter 
apparatus according to one embodiment of this invention. In 
the drawing, numerals 10 to 14, 21, 23, 24, 31, 34 to 36 are 
similar to that of Fig. 5 acting as a conventional apparatus, 
and the description is omitted. Numeral 1 is a manual pulse 
generator for manually rotating a handle to generate a command 
pulse, and numeral 2 is an operating panel, and numeral 3 is 
pulse input means, and numeral 4 is control panel control means , 
and numeral 5 is a CPU, and numeral 6 is an inverter control 
circuit . 

In Fig. 1, the variable resistor 25 in Fig. 5 acting as the 
conventional apparatus is replaced with the manual pulse 
generator 1 and also in this connection, the variable resistance 
value input means 32 is replaced with the pulse input means 



10 



3 . 

The manual pulse generator 1 has an encoder for generating 
a pulse in response to rotation and is used so as to increase 
a data value by clockwise rotation and decrease a data value 
by counterclockwise rotation in setting of a frequency or setting 
of a parameter. 

Next, operations will be described. 

When a voltage is supplied from a power source to the inverter 
apparatus, the CPU 5 reads data of the nonvolatile memory 21 
by the memory communication means 3 6 and outputs proper data 
to the display part 23 by the control panel control means 4 
based on information on the corresponding parameter. It is 
constructed so that an inverter output frequency is normally 
displayed on the display part 23, but when the manual pulse 
generator 1 is rotated in order to modify an output frequency, 
the pulse input means 3 catches a change in a pulse and delivers 
information to the control panel control means 4. When the 
present operation mode is a monitor mode, the control panel 
control means 4 receives an input of the pulse from the manual 
pulse generator 1 and modifies the operation mode to a frequency 
setting mode. 

Also, the pulse input means 3 measures an encoder pulse and 
delivers the amount of change to the control panel control means 

4 . The control panel control means 4 calculates the rate of 
change A f in the frequency corresponding to the amount of change, 
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and adds the rate of change to the present setting frequency, 
and delivers data to the display means 34 , and outputs character 
data converted there to the display part 23. 

An operator modifies a setting value using the manual pulse 
generator 1 while watching the value on the display part 23, 
and inputs a "SET" key for determining a numerical value after 
the modification. 

Then, setting value information at the time of inputting the 
"SET" key is sent to the control panel control means 4 through 
the key input means 31 and the control panel control means 4 
updates a setting frequency to the present data. At the same 
time, the control panel control means 4 returns the operation 
mode to the monitor mode after inputting the "SET" key and 
delivers monitor value data to the display means 34. 

The updated setting frequency data is delivered to the inverter 
control means 35, and an output frequency in response to 
acceleration or deceleration time is calculated every cycle 
time of software. Then, the output frequency is converted into 
a signal for turning on or off a transistor inside the inverter 
control means 35 and is finally outputted to the inverter part 
13 . 

Fig . 2 is a flowchart showing processing of a frequency setting 
of the inverter apparatus according to one embodiment of this 
invention . 

in step SI, it is checked whether the present operation mode 
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is a monitor mode or not and if the present operation mode is 
the monitor mode, subsequently in step S2, it is checked whether 
the manual pulse generator is rotating or not. If the manual 
pulse generator is not rotating, the operation mode is modified 
to the monitor mode in step S3. 

Also, if the manual pulse generator is rotating in the 
determination of step S2, in step S4, the operation mode is 
modified to a frequency setting mode and subsequently in step 
S5, setting value data is modified according to the amount of 
change in a pulse. 

If the present operation mode is not the monitor mode in the 
determination of step SI, subsequently in step S6, it is checked 
whether there is a frequency setting mode or not and if there 
is not the frequency setting mode, other mode processing is 
performed in step S7. Also, if the present operation mode is 
the frequency setting mode in the determination of step S6, 
in step S8, it is checked whether the manual pulse generator 
is stopping or not and if the manual pulse generator is not 
stopping (the manual pulse generator is rotating) , a flow 
proceeds to step S4 and the operation mode is modified to the 
frequency setting mode. If the manual pulse generator is 
stopping in the determination of step S8, subsequently in step 
S9, it is checked whether five seconds have elapsed after 
stopping an operation of the manual pulse generator or not and 
If the five seconds have elapsed, a flow proceeds to step S3 
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and the operation mode is modified to the monitor mode. If 
the five seconds have not elapsed after stopping an operation 
of the manual pulse generator in the determination of step S9, 
a clock is counted up in step S10. 

Fig. 3 is a table showing a relation between the number of 
pulses captured during unit time and the amount of change in 
a numerical value of a setting frequency in a frequency setting 
by themanual pulse generator in the inverter apparatus according 
to one embodiment of this invention. 

It is constructed so as to change the amount of change in 
a frequency setting value by the number of pulses captured during 
unit time, and in the drawing, there is shown an example in 
which when the number of pulses captured during unit time (the 
number of pulses/lOOmS ) is 1 to 5, as a normal setting mode, 
case that the number of pulses/lOOmS is 1 to 5 : the amount 
of change in the frequency setting value is set at 0.1 to 0.5, 
and 

also, when the number of pulses captured during unit time (the 
number of pulses/lOOmS ) is 6 to 10, as an acceleration setting 
mode , 

case that the number of pulses/lOOmS is 6 : the amount of change 

in the frequency setting value is set at 1.0, 

case that the number of pulses/ lOOmS is 7 : the amount of change 

in the frequency setting value is set at 2.0, 

case that the number of pulses/lOOmS is 8 : the amount of change 
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in the frequency setting value is set at 3.0, 

case that the number of pulses/ lOOmS is 9 : the amount of change 

in the frequency setting value is set at 4.0, 

case that the number of pulses/lOOmS is 10 : the amount of change 

in the frequency setting value is set at 5.0. 

In the control panel control means 4, the rate of change A 
f in the frequency is proportional to a speed at which a dial 
of the manual pulse generator is turned, that is, the number 
of pulses captured during unit time, and it is constructed so 
that only a change is made by 0.1 Hz (normal setting mode) when 
the manual pulse generator 1 is slowly turned (for example, 
the case that the number of pulses/lOOmS is 1 in Fig. 3) , but 
the amount of change is increased according to the speed 
(acceleration setting mode) when the manual pulse generator 
1 is quickly turned (for example, the case that the number of 
pulses/lOOmS is 6 to 10 in Fig. 3) . 

Fig. 4 is a flowchart showing frequency setting processing 
in the inverter apparatus according to one embodiment of this 
invention . 

In step S21, it is checked whether 100 mS have elapsed since 
the last processing or not and if there is shorter than 100 
mS since the last processing, a clock A is counted up in step 
S22 . 

If 100 mS have elapsed since the last processing in the check 
of step S21, in step S23, pulses are read from the manual pulse 
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generator 1 and the following expression is calculated. 

The amount of change = the number of pulses of this time 
- the number of pulses of last time 

In step S24, it is checked whether the amount of change is 
present or absent and if the amount of change 0, subsequently 
in step S25, it is checked whether an absolute value of the 
amount of change ^ 6 or not and if the absolute value of the 
amount of change < 6, a setting mode is modified to a normal 
setting mode in step S26. 

If the absolute value of the amount of change ^ 6 in the 
determination of step S25, in step S27, a value of the minimum 
digit of a setting frequency f is cleared to zero and in step 
S28, the setting mode is modified to an acceleration setting 
mode . 

In an output frequency in the actual inverter apparatus, the 
case of setting a numerical value having no fraction such as 
60.0 Hz is larger than the case of setting a numerical value 
having a fraction such as 60.3 Hz, so that a value of a table 
seen simply is not added simply and after a fraction is first 
discarded, a transition is made to the acceleration setting 
mode and a numerical value having no fraction is added. 

In step S29, the amount of change in a setting value is seen 
in the table. 

If the amount of change = 0 in the determination of step S24, 
subsequently in step S30, it is checked whether a state of the 
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amount of change = 0 has continued for 0 . 5 s or longer or not 
and if the state of the amount of change = 0 has continued for 

0. 5 s or longer, the setting mode is modified to the normal 
setting mode in step S31 . 

If the state of the amount of change = 0 has continued for 
shorter than 0 . 5 s in the determination of step S30, in step 
S32, a clock B is counted up and in step S33, the amount of 
change in the setting value is cleared to zero. 

When a numerical value with a large target value (for example, 
60 Hz) is set using the manual pulse generator 1, an acceleration 
setting mode with a large amount of change per scale of a dial 
is used. In step S30, even when rotation of a dial of the manual 
pulse generator 1 stops after proceeding to the acceleration 
settingmode, if the state of the amount of change = 0 has continued 
for shorter than 0.5 s, it is constructed so as to maintain 
the acceleration settingmode, so that even in case of exceeding 
a target value by an operation of the manual pulse generator 

1, a return from the overshot point to 60 Hz of the target value 
can speedily be made at the amount of change in the setting 
value of the acceleration setting mode. 

In the above description, the example of the inverter apparatus 
as a control apparatus has been described, but it is similar 
also in a servo driving apparatus. 

Industrial Applicability 
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As described above, the present invention is suitable for 
use in applications of setting the amount of change in an output 
frequency etc. in a control apparatus such as an inverter 
apparatus or a servo driving apparatus for driving a motor at 
a variable speed. 
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Claims 

1 . Acontrol apparatus comprising a display part for displaying 
an output frequency and a frequency setting value, and a key 
group such as an operation mode selection key for selecting 
operation modes such as a monitor mode for displaying a run 
state or a setting mode for setting various data or a set key 
for determining a setting value, characterized in that there 
are provided a manual pulse generator for manually rotating 
a handle to generate a command pulse, pulse input means for 
measuring a pulse outputted from this manual pulse generator 
and calculating the amount of change in the pulse per unit time, 
and control panel control means for calculating the output 
frequency based on the amount of change in the pulse per unit 
time outputted from this pulse input means. 

2. A control apparatus as defined in claim 1, characterized 
in that the control panel control means can perform setting 
operations when data is outputted from the pulse input means 
even in the case that the operation modes are a mode other than 
the setting mode. 

3. A control apparatus as defined in claim 1, characterized 
in that the control panel control means is constructed so as 
to change a scaling factor of the amount of change in the frequency 
setting value to the amount of change in the pulse in response 
to the amount of change in the pulse per unit time. 

4. A control apparatus as defined in claim 3, characterized 
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in that it is constructed so as to maintain the just previous 
scaling factor of the amount of change in the frequency setting 
value to the amount of change in the pulse for a constant period 
of time after stopping the operation of the manual pulse 
generator . 

5. A control apparatus as defined in claim 1, characterized 
in that it is constructed so as to make a setting value set 
by operating the manual pulse generator valid after an input 
of the set key. 
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Abstract 

An object of this invention is to obtain a control apparatus 
capable of easily and speedily setting an output frequency, 
and it is constructed so as to change a change width of a frequency 
setting value in response to a rotational speed of a handle 
operation by an operator using a manual pulse generator for 
manually rotating a handle to generate a command pulse. 
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Declaration and Power of Attorney for Patent Application 
Japanese Language Declaration 



TS5S>ft£<&3S9!#fcL-C. &W;gJtT<OiH>ML£i\ 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name, 



1 believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



CONTROL APPARATUS 



the specification of which is attached hereto unless the 
following box is checked: 



it. 



- was filed on 

as United States Application Number or 
PCT International Application Number 



. and was amended on 
. (if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56. 
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Japanese Language Declaration 



SH\ ^@feA*35lB»119ft(aMd)3lXtt*365*(b) 



1 hereby claim foreign priority under Title 35, United States 
Code, Section 119(a)-(d) or 365(b) of any foreign application (s) 
'for patent or inventor's certificate, or 365(a) of any PCT 
International application which designated at least one country 
other than the United States, listed below and have also 
identified below, by checking the box, any foreign application for 
patent or inventor's certificate, or PCT International application 
having a filing date before that of the application on which 
priority is claimed. 



Prior Foreign Applications 



(Number) 
<#*> 



(Number) 
(#*> 



(Number) 



(Country) 



(Country) 



(Country) 



1 IR35|i*@«feAll9^(e)Wi»<5V^-CTfia<O^S! 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



Priority Not Claimed 
□ 

□ 

□ 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application^) 
listed below. 



(Application No.) 
(ttili^) 



(Filing Date) 



i«s*me»#»*«B©rt8As*sftA*35igfsii2^*i 



(Application No.) 



(mi 



(Filing Date) 
(ttJJSSU) 



I hereby claim the benefit of Title 35, United States Code 
Section 120 of any United States application(s), or 365(c) of 
any PCT International application designating the United States, 
listed below and, insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner provided 
by the first paragraph of Title 35, United States Code Section 
112, I acknowledge the duty to disclose any material 
information which is material to patentability as defined in Title 
37, Code of Federal Regulations, Section 1.56 which became 
available between the filing date of the prior application and the 
national or PCT International fifing date of this application: 



(Application No.) 



(Filing Date) 
(WISH) 



(Status: Patented, Pending, Abandoned) 



(Application No.) 



(Filing Date) 



* a v>m m r xfztitm m <on & it* ® m & % imm 1001 



(Status: Patented, Pending, Abandoned) 

1 hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 
1 (B*M»») 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to 
- prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith (list 
name and registration number) 



John H. Mion, Reg. No.Jj L879; T homas J. Macpeak, Reg. No. jjL292^Robert J. Seas, Jr., Reg. No. ZU92^JDanyI Mexic, 
Reg. No. 23 i 063l Robert V. Sloan, Reg. No. 22J25^Peter D. Olexy, Reg. No.J244l3-U. Frank Osha, Reg. No. 24.625; , 
Waddell A. Biggaxt, Reg. No. 24^861-^uis Gubinsky, Reg. No._24,S35; Neil B. Siegel, Reg. No. 25,2G0>David J. Cushing, 
Reg. No. 28,703; John R. IngepReg. No J2_6,916; Joseph J. Ruch, Jr., Reg. No. £6,5X7; Sheldon L Landsman, Reg. No.^5,430;_ 
Richard C. Turner, Reg. No. 29,710; Howard L. Bernstein, Reg. No. 25^665; Alan J. Kasper, Reg. No. 2& r 42e~-Kenneth J. 
Burchfiel, Reg. No_3JJ33; Gordon Kit, Reg. No._3ftJ64;. Susan J. Mack, Reg. No..3ft951; Frank L. Bernstein, Reg. No. 
3t l 484^Mark Boland, Reg. No J^lStf; William H. Mandir, Reg. No ..32,456; Scott M, Daniels, Reg. No. 32^62t-Brian W. 
Hannon, Reg. No.J2^778; Abraham J. Rosner, Reg. No.J3^276; Bruce E. Kramer, Reg. No^33V?25; Paul F. Neils, Reg. No. 
J3O02-and Brett S. Sylvester, Reg. No. 32J65^ 



W H t£ {4 % : Send Correspondence to: 

SJJJ3IiRHE>M 

2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202 



, S M M If il 9c : ffi R T$% M # ) Direct Telephone Calls to: (name and telephone number) 

| (202)293-7060 





Full name of sole or first inventor 
Yasuhirq SHIRAISHI 




Inventor's signature Date 
Yasvkho $Untek\ May 22, 2001 




Residence 

Tokyo^, Japan 




Citizenship 
Japan 




Post office address 
c/o Mitsubishi Denki Kabushiki 
Kaisha f 




2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8 310, Japan 




Full name of second joint inventor, if any 
ILaznya QHMURA 




Second inventor's signature Date 

^olEU^cc OKmtA.^ May 22, 2001 


&m 


Residence 
T&ky^o, Japan ^/ /J 


mm 


Citizenship 
Japan 




Post office address 
c/o Mitsubishi Denki Kabushiki 

Kaisha, 




2-3, Marunouchi 2-chome, Chiyoda-ku, 
Tokyo 100-8310, Japan 



&P*©&i^3SW*l::o^xt>l3«fcfc*U m% ^ta; (Supply similar information and signature for third and 
) subsequent joint inventors.) 
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